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CONTOURED DISK BORE 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The present invention relates to turbine disk constructed 
to minimize the maximum hoop stress experienced across the disk 
bore. More specifically, the present invention teaches a disk 
bore contoured so as to increase performance and reduce weight . 

(2) Description of Related Art 

It is known in the art to fabricate high pressure turbine 
disks for gas turbine engines, particularly those for aircraft 
gas turbine engines. With reference to FIG. 1, there is 
illustrated an exemplary turbine disk known in the art. Disk 11 
is shown in cross- section with accompanying centerline 12 about 
which disk 11 rotates through 360°. Disk 11 is comprised, 
generally, of a cylindrical disk bore 13 connected to a rim 20 
via a web 16. Rim 20 is of a rim width 19. In addition, rim 20 
extends away from centerline 12 for a distance extending between 
live rim radius 15 and dead radius 17. As illustrated in 
cross-section, disk bore 13 appears as a straight line parallel 
to centerline 12. When rotated through 360° , disk bore 13 forms 
the surface of a cylinder extending the width of disk bore 13. 

In operation, disk 11 rotates around centerline 12 at high 
speed. As a result of this rotation, disk bore 13 experiences 
circumref erential hoop stress. This hoop stress is not constant 
across the disk bore 13, but, rather, may vary across the width 
of disk bore 13. In an exemplary instance, the hoop stress 
experienced at the ends of the disk bore 13 can be 14 0 KSI with 
a center disk bore 13 hoop stress of 160 KSI. This results in a 
hoop stress differential of 20 KSI. The differences arising in 
the hoop stress present across the disk bore present engineering 
challenges. Too great a hoop stress differential across disk 
bore 13 may result in failure of the disk 11 when in operation. 
It is therefore advantageous to create a disk bore 13 which 
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experiences more uniform hoop stress across disk bore 13 in 
operation. In other words , it is preferable to minimize the 
maximum hoop stress differential experienced across disk bore 
13 . 

With reference to FIG. 2, there is illustrated one solution 
to the problem of minimizing the maximum hoop stress 
differential experienced across a disk bore 13. Specifically, 
there is illustrated a dual web disk 11. Dual web disk 11 makes 
use of two webs 16, 16' to attach the disk bore 13 to the rim 
20. While such an arrangement is quite successful in minimizing 
the maximum hoop stress differential experienced by the disk 
bore 13, it presents various difficulties in fabricating a disk 
11 of such complexity, and subsequently results in an expensive 
configuration to fabricate. 

What is therefore needed is a simple design similar to the 
disk 11 illustrated in FIG. 1, which serves to minimize the 
maximum hoop stress differential in an efficient manner as does 
the dual web disk 11 of FIG. 2, but which is both simple to 
fabricate, and therefore relatively cheap to construct. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a turbine disk constructed to minimize the maximum hoop 
stress experienced across the disk bore. More specifically, the 
present invention teaches a disk bore contoured so as to 
increase performance and reduce weight . 

It is a further object of the present invention to provide 
a turbine disk which comprises a disk bore disposed about a 
centerline, the disk bore comprising a bore width, and a web 
extending radially away from the disk bore wherein the disk bore 
comprises in cross-section a contoured shape comprising a 
contour depth. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 A cross section diagram of a turbine disk known in the 
art . 

FIG. 2 A cross section diagram of a dual -web turbine disk 

known in the art . 
FIG. 3A A cross section diagram of the turbine disk of the 

present invention illustrating the contoured disk 

bore . 

FIG. 3B A cross section diagram of the turbine disk of the 
present invention illustrating an alternative 
embodiment of the contoured disk bore. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT ( S ) 
It is therefore a central purpose of the present invention 
to teach the construction of a disk 11 which is both simple and 
economical to fabricate, but which serves to minimize the 
maximum hoop stress realized across the disk bore 13 and which 
minimizes the maximum hoop stress differential present across 
the disk bore 13 . The purpose is achieved by teaching the 
construction of a disk 11 wherein the weight of the disk 11 is 
reduced by distributing the maximum stress in the area of the 
disk bore 13 through a contoured shape. 

With reference to FIG. 3A, there is depicted a 
cross-section of the disk 11 of the present invention. Disk 11 
is comprised, generally, of a disk bore 13 connected to a rim 2 0 
via a single web 16. Note that disk bore 13 is differentiated 
from that of the related art discussed above, primarily by the 
contoured, curving shape of its construction. 

Specifically, disk bore 13 does not form, in cross-section, 
a straight line parallel to centerline 12. As can be seen, disk 
bore 13 is formed of a contoured, gently curving expanse. As 
constructed, disk bore 13 extends for a distance equal to 
contoured depth 33 into said disk 11 away from the centerline 
12. When rotated about centerline 12 through 360° , the volume 
cut out by disk bore 13 deviates significantly from that of a 
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cylinder as the sides of the volume are not flat, but are 
contoured away from centerline 12. 

The shape of the contoured disk bore 13 may be any shape 
sufficient to requisitely lessen the maximum hoop stress 
experienced across disk bore 13. In a preferred embodiment, the 
ratio of the contoured depth 33 to the disk bore width 35 is 
between .04 and .12. Most preferably, the ratio of the contour 
depth 33 to the bore width 35 is greater than .05. 

As illustrated, disk bore 13 is preferably gently curving. 
As such, disk bore 13 preferably assumes the shape of a conic 
section, including, but not limited to, a semi-circle. As 
illustrated, a curve portion of disk bore 13 intersects with the 
flat portion of disk bore 13 present at the edges of disk bore 
13. With reference to FIG. 3B, there is illustrated a preferred 
embodiment of disk 11 wherein the curved portion of disk bore 13 
is integrated into the flat portions of disk bore 13 via the 
implementation of a blend area 31. Blend area 31 forms a gently 
curving intersection between the curved portion of disk bore 13 
and the flat edges of disk bore 13 . 

Test performed using a disk bore 13 of the present 
invention reveal that a contour having a depth 33 and width 3 5 
sufficient to remove approximately 5% of the total weight of the 
disk 11 results in an approximate 25% decrease in the maximum 
hoop stress differential at 16000 RPM as compared to a disk 11 
having a flat disk bore 13 . 

It is apparent that there has been provided in accordance 
with the present invention a turbine disk constructed to 
minimize the maximum hoop stress experienced across the disk 
bore which fully satisfies the objects, means, and advantages 
set forth previously herein. While the present invention has 
been described in the context of specific embodiments thereof, 
other alternatives, modifications, and variations will become 
apparent to those skilled in the art having read the foregoing 
description. Accordingly, it is intended to embrace those 
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alternatives, modifications, and variations as fall within the 
broad scope of the appended claims. 
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